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Summary
Background: Acute respiratory tract infections (RTIs) are an important cause of mor-
bidity in the military setting. Respiratory viruses are the most frequently implicated
pathogens, especially adenovirus and respiratory syncytial virus. We performed this
study to investigate the role of factors such as obesity, cigarette smoking, and edu-
cational level on the development of respiratory tract infections in a military recruit
setting.
Methods: A cohort of 472 military recruits was prospectively followed up for the
basic training period of 3 weeks. Symptoms of infections were monitored during this
period.
Results: Eighty-four of 472 recruits (17.8%) were diagnosed with infection; 55 (65.5%)
with upper RTI (mainly rhinitis), 23 (27.4%) with ﬂu-like syndrome, and 6 (7.1%)
with tonsillitis. There was no association between age, BMI, or smoking status and
symptomatic RTI (p > 0.05).
Conclusions: Occurrence of respiratory tract infections in military recruits is com-
mon, at least in some populations and settings. We did not ﬁnd an association
between risk factors such as BMI and smoking and symptomatic respiratory infection
in our population, a result that may be associated with the limited power of this
study.
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nfectious diseases represent a major cause of ill-
ess among military recruits. The crowded living
onditions and the physically demanding basic mil-
Sciences. Published by Elsevier Ltd. All rights reserved.
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these who did not suffer from such an illness.
The statistical analysis did not show an association
between these factors and development of respira-
tory tract infection.102
itary training may often lead to epidemics of
respiratory infections [1—3]. Outbreaks of viral res-
piratory infections are common in the military
training and sometimes may precede outbreaks of
much more serious diseases such as meningococ-
cal disease [4]. The relationship between various
determinants and respiratory infections in this set-
ting has been studied previously; in fact, some
reports link the susceptibility to acute respiratory
infections with age [1], active smoking [5], and obe-
sity [6].
We sought to evaluate these and other predic-
tors of respiratory tract infections (RTIs) in young
recruits of the Hellenic Army during the basic
training at an Army Recruit Training Center from
February 2006 to March 2006.
Methods
Study population
The study took place in Sparta, Greece, where the
Supply and Transportation Corps Training Center of
the Hellenic Army is currently based. The Medi-
cal Directorate of the Hellenic Army General Staff
approved the study protocol. Our study popula-
tion consisted of 472 men, aged 19—37 years, who
entered enlisted service in the Hellenic Army.
Military service is obligatory for Greek men.
The study was conducted during the basic training
period; all trainees began training during the same
ﬁrst week and were followed for the ﬁrst 3 weeks of
training. At this period they stayed in the barracks
for the whole time. Upon enlistment, all recruits
receive ameningococcal vaccine and a booster dose
of tetanus—diphtheria vaccine or the initial dose
of a catch-up immunization for tetanus—diphtheria
on the ﬁrst day of enlistment. They are also asked
to submit a chest X-ray as part of a tuberculosis
control program and undergo a personal interview
where they give a detailed medical history and
demographic data.
Persons with known immunodeﬁciency status and
chronic diseases, such as diabetes, are discharged.
In addition, recruits with body mass index (BMI)
(body weight in kilograms divided by height in
meters squared) >40 kg/m2 are also discharged.
Data collectionThe demographic details and medical history of all
the recruits were collected in specially designed
case report forms on the day of enlistment. Any
tobacco use qualiﬁed as ‘‘smoking’’ for the pur-
F
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oses of this study. Recruits who visited the medical
linic during the study period for a febrile illness
axillary temperature >37.3 ◦C) and/or respiratory
ymptoms were evaluated by an internist. Further
valuation, including laboratory examinations and
ounseling by the staff of the Department of Pul-
onary Medicine of 401 Army General Hospital of
thens followed in an as needed base.
tatistical analysis
he collected data were entered into a computer
atabase and analyzed using statistical software
SPSS, Version 11, SPSS Inc., Chicago, Illinois). The
-test was used in the bivariable analysis for the
omparison of the distribution of the variables ana-
yzed (body mass index, smoking, and age) between
ilitary recruits who developed or not a respiratory
nfection.
esults
ll recruits were male, and their mean age
±standard deviation [S.D.]) was 23.6 (±3.1) years.
ebrile morbidity began in the military unit on 13
ebruary 2006 (the epidemic curve is depicted in
ig. 1). Out of 472 recruits, 17.8% were diagnosed
ith an infection, namely 55 (65.5%) with upper res-
iratory tract infection (mainly rhinitis), 23 (27.4%)
ith a ﬂu-like syndrome and 6 (7.1%) with tonsilli-
is.
In Table 1, we present data regarding the com-
arison of the distribution of variables (age, body
ass index, and smoking) between military recruits
ho developed symptoms and/or signs of respira-
ory tract infection during the study period andig. 1 Development of various types of respiratory tract
nfection in military recruits.
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Table 1 Association of body mass index, smoking, and age with development of respiratory tract infection (RTI)
in military recruits.
Recruits with RTI Recruits without RTI P-Value
N = 86 N = 386
Body mass index 24.5 ± 3.2 25.2 ± 4.1 0.12
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Data are presented as mean± standard deviation.
iscussion
he high impact of respiratory tract infections in
ilitary personnel has been well described previ-
usly [1—4]. Recruits are thought to be at high risk
ue to the crowded living conditions and the stress-
ul environment of military training. Thus, large
pidemics of infectious diseases — especially of
iral etiology — are common. However, few studies
n the past examined the determinants of infectious
iseases in this setting [1,3,5,7]. We conducted this
rospective, observational study of young recruits
oining the Hellenic Army for their basic military
raining to further investigate this issue.
It is noteworthy that the study population
ncluded only males of young age, who spent 3
eeks under the exact same environmental and
very day activity conditions, suggesting that, at
east theoretically, occurrence of a RTI in our sam-
le was not much affected from exposure to cold or
ther seasonal variations and from physical activ-
ty. In addition, psychological stress was probably
ot much different in the studied recruits, although
t should be mentioned that different people cope
ith various ways against the same psychological
ressure. Thus, we believe that military recruits
nder the conditions observed in our setting provide
n opportunity to study the possible association
f other variables of potential interest, such as
ody mass index and smoking, with development
f symptomatic respiratory tract infections.
In a large population study, BMI was directly
ssociated with an increased risk of community-
cquired respiratory tract infections in obese
atients [6]. However, there is conﬂicting data
bout the impact of smoking on the incidence of
TIs in military populations. A study of a large
denovirus epidemic in US Navy personnel found
positive relationship between non-smoking and
denovirus serotype 3 infection [3] in contrast
ith previous reports [5]. Another study of ade-
oviral illness in US recruits showed an increased
isk for infection for younger subjects. No rela-
ionship was found between smoking status and
nfection in that study; analysis for BMI was not per-
ormed [1]. Smoking was strongly associated with
i
o
s0.55 ± 0.50 0.23
23.6 ± 3.2 0.98
ycoplasma pneumoniae respiratory infection in a
ecent study in military recruits [7]. However, in
ur study the main ﬁnding was the lack of asso-
iation between the studied variables (age, body
ass index, and smoking) and development of res-
iratory tract infection. Recruits appeared to be
qually vulnerable to infection, regardless of BMI
nd smoking.
In regard to BMI, the proposed mechanism that
elates obesity and community-acquired respira-
ory tract infection is that obesity can profoundly
lter lung mechanics, diminish exercise capacity,
ugment airway resistance resulting in an increased
ork of breathing, and inﬂuence respiratory muscle
unction, control of breathing, and gas exchange
6]. It should be emphasized that in our study
ecruits with BMI > 40 kg/m2 were discharged and
he overall variance of BMI was small; these facts
ight have biased our ﬁndings against the detection
f an association between BMI and susceptibility
o respiratory tract infection. On the other hand,
lthough the effect of age on the incidence of
ommunity-acquired pneumonia has been studied
9], the association between obesity and respira-
ory infection is yet to be studied in different age
roups. In conclusion, the young age of our studied
ersons (military recruits), the absence of mor-
idly obese recruits (BMI > 40 kg/m2), and the good
hysical condition of our recruits may explain the
bserved lack of association between obesity and
espiratory tract infection.
In addition, mechanisms by which smoking is sup-
osed to increase the risk of infections include
tructural changes in the respiratory tract and a
ecrease in the immune response [8]. However, the
act that smoking and acute respiratory tract infec-
ion of the recruits are not linked in our cohort,
ould be explained by the fact that smokers may
e more likely to harbour latent adenovirus infec-
ions after exposure, diminishing the appearance
f acute illness but predisposing them to chronic
isease [3].
Several limitations of our approach for determin-
ng the possible association of selected factors with
ccurrence of respiratory infections in the military
etting should be considered. First, the study period
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was necessarily short due to the speciﬁed, struc-
tured basic training period. However, one should
acknowledge that there are rare cases where an
otherwise healthy population can be followed under
similar environmental, dietetic, and psychosocial
conditions. Jails and correctional institutions may
represent a similar environment; however, drug
abuse and other comorbidities are almost always
present in these settings, potentially affecting the
incidence of various infectious diseases. Second,
our study population consisted only of males and,
therefore, the results cannot be extrapolated to
both sexes. Third, we did not perform laboratory
investigations to document the causative micro-
bial agent of recruits with symptoms and/or signs
of respiratory tract infection. Fourth, we focused
on the possible association of only a few crucial
variables with development of respiratory tract
infection in our cohort of military recruits. Finally,
a larger study sample could have offered better
insight regarding the possible association of vari-
ous variables with the outcome of our interest. For
example, since the trainees were all of a young
age, a larger sample size would be necessary to
detect an effect of different age strata on the
development of respiratory tract infections. Also,
the power of the study to show statistically sig-
niﬁcant differences between those who developed
respiratory tract infection and those who did not
develop such infection was 41.1% and 21.6% for BMI
and smoking, respectively (for the observed distri-
butions of these variables in the compared groups).
Nevertheless, we believe that, despite the lim-
itations mentioned above, this prospective clinical
study contributes additional data to the interest-
ing and clinically important issue of the possible
association between smoking and obesity with
development of respiratory tract infection. Our
analysis suggests that more work is needed for
clarifying the effect of these conditions (that are
commonly present in many populations worldwide)
on respiratory tract infections. It should be also
mentioned that the threat of common, emerging,
and re-emerging infections worldwide, highlights
the need of further deﬁning and understand-
ing the determinants of susceptibility to various
infections, including those of the respiratory
tract.
What’s already known about this topic?
• Acute respiratory tract infections are common in
the military setting.
[
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It has been suggested that factors such as over-
crowding, obesity and cigarette smoking are
associated with the development of respiratory
tract infections.
What does this article add?
A cohort of military recruits in Greece was
prospectively followed up for the basic training
period of 3 weeks.
A considerable proportion of recruits (18%) were
diagnosed with respiratory tract infection.
There was no association between age, bodymass
index (BMI), or smoking status and symptomatic
respiratory tract infection in this population, a
ﬁnding that be due the limited power of the
study.
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